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AUXILIARY DISPLAY UNIT FOR A COMPUTER SYSTEM 

1. BACKGROUND OF THE INVENTION 

A. TECHNICAL FIELD 

The disclosure generally relates to employing a secondary or auxiliary display unit in 
addition to a main or primary display unit in a computer system. More particularly, the 
disclosure relates to the use of an auxiliary display unit that can share display responsibility of a 
host computer with a main display. 

B. RELATED ART 

In computer systems today, a single monitor or other type of display unit is connected to 
a system bus via an interface, such as a video adapter. The system bus couples the monitor to the 
central processing unit (CPU) of the host computer. The host computer executes instructions 
requesting that information be retrieved from system memory and sent over the system bus to the 
display monitor for display. 

One known system provides a computer network having a common CPU that can be 

shared among multiple display terminals and keyboards. In this system, the display terminals are 

dumb terminals under the control of the CPU. Such a system is typically set up for use by 

multiple independent users. The advantage of such a system is that the CPU can be centrally 

located out of sight and away from each of the user's terminals. Thus, space can be freed up at a 

user's workstation. Another advantage is that all the applications can be stored in a single 

location rather than having to be installed separately for each user. User display terminals in this 

type of system suffer the shortcomings discussed below. 
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Computer operating systems typically run multiple applications concurrently and also 
maintain multiple applications open. When multiple applications are active or open, various 
regions of the monitor's display screen provide information regarding or space dedicated to the 
active applications. For example, a task bar and status notification area typically occupy 
5 reserved sections of the display screen. Email and printer status/notification usually is 
represented as a small icon on the task bar. Also, multiple active applications, for example a 
spreadsheet application and a word processing application, may occupy different sections of the 
screen. A transient system message may pop up in a dialog box overlaying an active application. 

;JD Additionally, if a user inserts a compact disc (CD) into a CD player coupled to the computer 

So system, a separate soft user interface (UI) applet is launched on top of the active application(s) 
taking up more display space on the display screen. Typically, to recover the primary display 
screen real estate, the user immediately minimizes the applet window in order to continue 

£ working on an underlying active application such as a word processing application. 

As is readily apparent from the above description of a typical computer system, 

y substantial portions of the display screen may be occupied by other active applications, dialog 
boxes, task bars and the like cluttering the display screen and preventing the user from making 
the most of the display screen for an active application. For example, the user may not want the 
display screen to show status or notification information or share the display screen area with 
certain applications. For instance, the user may want to leave substantially all the display screen 

20 area for a particular application(s) with which he is working. Further, notifications and dialog 

boxes often can disrupt or distract a user attempting to focus on a specific application. Thus, 

there is a need to provide users with the ability to efficiently use and/or manage the display 
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screen of the monitor while still being able to view the status of other applications and receive 
messages about other applications, without encroaching on the display screen area. The display 
terminals in the computer network described above are controlled independently. Consequently, 
one display terminal cannot help to alleviate the display real estate problems associated with a 
5 second terminal. 

Another disadvantage with existing computer systems is that status/notification 
information cannot be viewed when the display monitor is off or in a screen saver mode, or when 
the host computer is off A select few newer operating systems include "hibernate" or "sleep" 
modes where the host computer periodically wakes up and checks status, for example the 
^ computer may check whether an email has been received. Thus, the status/notification 
S functionality is not always available to the user except in the few systems where the occurrence 
. of an event (e.g., receipt of an email) wakes the system up to indicate the status. Typically in 
this instance, the system periodically provides an indication of notification/status to the user, thus 
+ not always providing the indication on the display monitor. Accordingly, there is a need to 
provide a system in which a user may be able to view status/notification information at all times 
irrespective of the power status of the main computer. 



II. SUMMARY OF THE INVENTION 

Aspects of the invention include providing an auxiliary or secondary display unit in a 
20 computer system in addition to a main or primary display unit in order to display certain 
information normally displayed by the main display unit. 
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The present invention is directed to one or more separate auxiliary display units for use in 
a computer system. According to one aspect of the invention, display information normally 
associated with a task bar or "system tray" in an operating system (OS) may be displayed on at 
least one auxiliary display unit rather than the main display unit. Alternatively, such display 
information may be displayed on the main display unit and at least one auxiliary display unit. 
Illustrative types of information displayed on an auxiliary display unit can include notifications 
of events, such as email events, printer events or calendar events, system messages such as 
dialog box notifications of system events, and date and time information such as a clock. 
Display information received from separate applications such as stock tickers, weather and 
traffic reports may also be directed to an auxiliary display unit. 

In another aspect of the invention, the auxiliary display unit may be integrated to the host 
computer in a single structure. One of the advantages associated with this aspect is that by 
routing display information such as particular application display information and/or 
status/notification display information to the auxiliary display unit, valuable primary screen 
display real estate may be made available for use with an application run on the primary display 
screen. Thus, for example, "in your face" dialog boxes providing notification of events may be 
removed from the main display screen. 

According to another aspect of the invention, the auxiliary display unit may be a separate 
stand-alone unit that the host computer controls by way of wireless or wired networks such as 
Ethernet, RF (radio frequency), IR (infrared) or power line carrier. An advantage of this 
implementation is that the user may be remote from the host computer and its main display unit, 
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but may receive notification/status information by being located proximate to the auxiliary 
display unit. 

In yet another aspect of the invention, the auxiliary display unit may include an LCD 
(liquid crystal display), LED (light emitting diode) or EL (electroluminescent) display panel or a 
monitor type display of any size from a miniature size monitor substantially smaller than the 
main display monitor to a TV size monitor larger than the main display monitor. An auxiliary 
display unit may be dedicated to a single functionality such as only displaying notification of an 
email or it may display multiple functionality. 

According to one aspect of the invention, the auxiliary display unit may be scaled to 
provide a richer user interface (UI) based on the display characteristics. An illustrative UI can 
range from simple LED notification, text-to-speech of email messages to a full UI with a touch 
panel interface and graphics picture frame. That is, the UI for the auxiliary display unit may 
include an LCD (liquid crystal display), LED (light emitting diode) or EL (electro-luminescent) 
display panel or a monitor type display of any size from a miniature size monitor substantially 
smaller than the main display monitor to a TV size monitor larger than the main display monitor. 
Also, the auxiliary display unit may function as a UI for Internet radio, video, "push 
information", MP3 player, or become the hardware equivalent of a multimedia player. Further, 
the auxiliary display unit can be the display for applications such as a jukebox, boombox, stock 
ticker, electronic picture frame, etc. 

These and other novel advantages, details, embodiments, features and objects of the 
present invention will be apparent to those skilled in the art from following the detailed 
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description of the invention, the attached claims and accompanying drawings, listed herein, 
which are useful in explaining the invention. 

III. BRIEF DESCRIPTION OF DRAWINGS 
Figure 1 shows a general purpose computer system that may be used with an auxiliary 

display unit in accordance with embodiments of the present invention. 

Figure 2 shows the physical structure of an in illustrative computer system according to 
embodiments of the present invention. 

Figure 3 shows a block diagram of an auxiliary display unit according to an illustrative 
embodiment of the present invention. 

Figure 4 shows a block diagram of an auxiliary display unit according to another 
illustrative embodiment of the present invention. 

Figures 5A-C show information depicted on illustrative auxiliary display panels 
according to embodiments of the present invention. 

Figure 6 shows an illustrative state diagram for a motion conversion in accordance with 
an illustrative embodiment of the present invention. 

IV. DETAILED DESCRIPTION 
The present invention relates to a computer system having a main display unit and an 

20 auxiliary display unit controlled by a host computer for displaying status/notification 
information, applications, system messages, and the like. 
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Although not required, portions of the invention may be described in the general context 
of computer-executable instructions, such as program modules. Generally, program modules 
include routines, programs, objects, scripts, components, data structures, etc. that perform 
particular tasks or implement particular abstract data types. Moreover, those skilled in the art will 
appreciate that the invention may be practiced with any number of computer system 
configurations including, but not limited to, distributed computing environments where tasks are 
performed by remote processing devices that are linked through a communications network. In a 
distributed computing environment, program modules may be located in both local and remote 
memory storage devices. An auxiliary display unit according to the present invention may also 
be practiced with personal computers (PCs), hand-held devices, multiprocessor systems, 
microprocessor-based or programmable consumer electronics, network PCs, minicomputers, 
mainframe computers, and the like. 

Figure 1 is a schematic diagram of a computing environment with which the present 
invention may be implemented. The present invention may be implemented within a general 
purpose computing device in the form of a conventional personal computer 200, including a 
processing unit 210, a system memory 220, and a system bus 230 that couples various system 
components including the system memory to the processing unit 210. The system bus 230 may 
be any of several types of bus structures including a memory bus or memory controller, a 
peripheral bus, and a local bus using any of a variety of bus architectures. The system memory 
includes read only memory (ROM) 240 and random access memory (RAM) 250. 

A basic input/output system 260 (BIOS), containing the basic routines that help to 
transfer information between elements within the personal computer 200, such as during start-up, 



Attorney Docket No. 3797.87569 

is stored in ROM 240. The personal computer 200 further includes a hard disk drive 270 for 
reading from and writing to a hard disk, not shown, a magnetic disk drive 280 for reading from 
or writing to a removable magnetic disk 290, and an optical disk drive 291 for reading from or 
writing to a removable optical disk 292 such as a CD ROM or other optical media. The hard disk 
drive 270, magnetic disk drive 280, and optical disk drive 291 are cormected to the system bus 
230 by a hard disk drive interface 292, a magnetic disk drive interface 293, and an optical disk 
drive interface 294, respectively. The drives and their associated computer-readable media 
provide nonvolatile storage of computer readable instructions, data structures, program modules 
and other data for the personal computer 200. 

Although the exemplary environment described herein employs a hard disk, a removable 
magnetic disk 290 and a removable optical disk 292, it should be appreciated by those skilled in 
the art that other types of computer readable media which can store data that is accessible by a 
computer, such as magnetic cassettes, flash memory cards, digital video disks, Bernoulli 
cartridges, random access memories (RAMs), read only memories (ROMs), and the like, may 
also be used in the exemplary operating environment. 

A number of program modules may be stored on the hard disk, magnetic disk 290, optical 
disk 292, ROM 240 or RAM 250, including an operating system 295, one or more application 
programs 296, other program modules 297, and program data 298. A user may enter commands 
and information into the personal computer 200 through input devices such as a keyboard 201 
and pointing device 202. Other input devices (not shown) may include a microphone, joystick, 
game pad, satellite dish, scarmer, or the like. These and other input devices are often connected 
to the processing unit 210 through a serial port interface 206 that is coupled to the system bus, 
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but may be connected by other interfaces, such as a parallel port, game port or a universal serial 
bus (USB). A monitor 207 or other type of main display unit is also connected to the system bus 
230 via an interface, such as a video adapter 208. Also, coupled to the system bus 230 is an 
auxiliary display unit 307 via an auxiliary interface 314. In addition to the main and auxiliary 
display units, personal computers typically include other peripheral output devices (not shown), 
such as speakers and printers. 

The auxiliary interface 314 can couple the processing unit 210 to the auxiliary display 
unit 307 in various ways. It should be understood that the terms "couple," "coupling", "coupled" 
and grammatical variations thereof as used herein mean all known wired and wireless 
connections. Interfaces between the auxiliary display unit 307 and the personal computer 200 
include, but are not limited to, an expansion card, standard communication interfaces such as 
serial, parallel, 1394, or USB (universal serial bus) connectors, IR, Ethernet, RF or Power Line 
Carrier. 

The personal computer 200 may operate in a networked environment using logical 
connections to one or more remote computers, such as a remote computer 209. The remote 
computer 209 may be another personal computer, a server, a router, a network PC, a peer device 
or other common network node, and typically includes many or all of the elements described 
above relative to the personal computer 200, although only a memory storage device 211 has 
been illustrated in Figure 1. The logical connections depicted in Figure 1 include a local area 
network (LAN) 212 and a wide area network (WAN) 213. Such networking environments are 
commonplace in offices, enterprise-wide computer networks, intranets and the Internet. 
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When used in a LAN networking environment, the personal computer 200 is connected to 
the local network 212 through a network interface or adapter 214. When used in a WAN 
networking environment, the personal computer 200 typically includes a modem 215 or other 
means for establishing a communications over the wide area network 213, such as the Internet. 
The modem 215, which may be internal or external, is connected to the system bus 230 via the 
serial port interface 206. In a networked environment, program modules depicted relative to the 
personal computer 200, or portions thereof, may be stored in the remote memory storage device. 
It will be appreciated that the network connections shown are exemplary and other means of 
establishing a communications link between the computers may be used. 

Figure 2 shows the physical structure of an in illustrative computer system according to 
embodiments of the present invention. In Fig. 2, a personal computer (PC) is physically 
integrated with a main display unit or monitor 207 and an auxiliary display unit or display panel 
307. Thus, the PC, main display unit 207 and auxiliary display unit 307 are shown as part of the 
same physical structure. As described further herein, the auxiliary display unit 307 may be a 
standalone display. 

According to embodiments of the present invention, the auxiliary display unit 307 may 
display information under the control of the PC. Figure 3 depicts a block diagram of the auxiliary 
display unit 307 according to an illustrative embodiment of the present invention. The host PC 
auxiliary interface may be a standard communication or card interface for communicating with 
the auxiliary display unit 307. The host PC auxiliary interface can be adapted for an expansion 
card and standard communication interfaces known in the art such as serial, parallel, 1394, or 
USB, IR, Ethernet, RF or Power Line Carrier. 

10 
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In the illustrative embodiment of Fig. 3, the auxiliary display unit includes an interface 
310 including a PCI card interface 312 and a USB interface 314 for communicating with the host 
PC. The interface 3 10 is coupled to a CPU 316. The CPU 3 16 is coupled to local memory such 
as RAM/ROM 318. The CPU 316 receives the commands through the interface 310 from the 
host PC and interacts with local memory, e.g., RAM/ROM 318 as necessary and causes the 
appropriate commands to be directed to a graphics module 320 which in turn generates an 
appropriate display to be shown on the display panel 324. Also, the CPU 316 is coupled to an 
I/O module 322, which can receive user input through buttons and volume knob 326, such as by 
way of a user turning the volume knob or actuating one of the buttons. The CPU 316 may output 
information through the I/O module 322. For example, audio may be output or a button may be 
illuminated. It should be understood that buttons and volume knobs are illustrative input/output 
devices and that the present invention is not so limited. For example, the I/O module 322 and 
graphics module 320 may both be connected to the display panel 324, where inputs may be 
received by way of a touch screen. Further, I/O module 322 may be connected to a microphone, 
speakers, an IR (infrared) sensor device which can identify a user, a camera, keypad, etc. 

Figure 4 shows another illustrative implementation of an auxiliary display unit according 
to an embodiment the present invention. Elements in Fig. 4 that are the same as elements in Fig. 
3 have been labeled with the same reference numerals. In Fig. 4 the host computer includes an 
RF link module 330 for interfacing with the auxiliary display unit 307, and in particular with the 
RF interface 313, which forms part of the interface 310. In contrast to Fig. 2 and in accordance 
with Fig. 4, the host computer and the auxiliary display unit are not physically attached to each 
other. 

11 
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The RF link module 330 may be coupled to a server by way of a standard wired 
connection, such as lOBase-T or 100Base-T. When coupled to a server, the host computer may 
be one of plural host computers coupled to a server. Alternatively, the RF link module 330 may 
be external to the host computer, and within broadcast range of the RF interface 313 of the 
auxiliary display unit 307. In this arrangement, a standard wired connection, such as lOBase-T 
or 100Base-T, can be used to provide signaling between the RF link module 330 and the host 
computer. 

In embodiments of the invention where multiple auxiliary display units (either fixed or 

mobile) are coupled to the host computer and spread out over a wide area (e.g., in a home or 

office environment), various RF link modules can better facilitate communication between the 

host computer and auxiliary display units. In a home environment, individual rooms or areas 

around a house may have a dedicated RF link module 330 for uploading and downloading 

information (e.g., audio, video, multimedia, data, etc.) between the host computer and each 

auxiliary display unit. This may be particularly beneficial in areas such as a kitchen or living 

room where multiple auxiliary display units may exist. Auxiliary display units may be 

implemented in many devices including, but not restricted to, various kitchen appliances, 

communication devices (e.g., cable, satellite, and Internet televisions, satellite or Internet radios, 

and mobile and landline communication units), security systems, electronic game equipment, 

electronic picture frame, web companions and Internet appliances. These devices may be fixed 

or some may be used portably such as a wristwatch or handheld Internet appliance. Further, 

many elements may be coupled to the I/O module 322 of the auxiliary display unit including, but 

not limited to, a camera and motion sensor (e.g., for a security system), Internet appliances, 

12 
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electronic game equipment, wireless (e.g., IR and RF) remote control devices (e.g., for an MPS 
player, CD player, Internet appliance, radio, television, electronic game equipment, VCR, etc.). 

Also, the embodiment of Fig. 4 can include other features than shown in the Fig, 3 
embodiment. For example, a camera and microphone/speaker are shown coupled to the auxiliary 
display unit for receiving audio and video input and generating audio and video output. The 
display panel 324 may have a resolution of 640x480 pixels. Further, an auxiliary display unit 
according to the invention, such as Fig. 4, may be configured to have a touch screen display, a 
video camera - intercom system, email notification on the display panel in the form of video or 
text or output by a speaker for voice. The display panel may be a display dedicated for or 



W adapted to display information for an MP3, DVD, CD player, or electronic picture frame coupled 

directly to the auxiliary display unit 307 or the host computer 200. The display panel may 

I" adapted for multiple types of information included, but not limited to, calendar information, 

£ number of voice mail messages, number of email messages, time-of-day, and information 

regarding a multimedia player. Illustrative display panels containing multiple types of 

information are depicted in Figs. 5A-C. 

^^^fir^dditiOTO^ 
at 

the auxiliary display unit CPU 316 and the interface 310. Responsive to^a-ceminand received 
from the host computer 200 or the CPU 316, the modgm-cSnconnect the auxihary display unit 
307 to the Internet or other data cerfimunication networks without having to route the 
20 information through thoJ^o^Ccon^^ This implementation may be particularly beneficial when 
multiple Merfiet connections (e.g., phone lines, DSL, cable-modem, ISDN) are accessible. That 





\i^^r of the-^mvTtirrry display unit may not have! to K\vAtt-. hMrwIwifilh with-f»~w^-ii£ the piajn^ 
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displav^onitor who acce^ijtiij the InlemeM4aUh£ -hQst comp ute r. The host computer caxL SQB^ 
commands to the auxiliary display unit to initiate its own connection JoJbe-fTlfemet. Also, the 
auxiliary display unit may be separately^addres^BIe and capable of receiving information 
directly from thejnterfiet such as "push" type data including stock ticker information, sports 

-scares. news.,e tGr- 

T he auxiliaiy d i a p lay uiri t3D7 mayJ ae set to receiv e- di sp l ay information tb at- may have 
been part of the domain of the main display unit 207 in conventional computej^^^stem 
environments. For example, the responsibility for displaying information regetfding separate 
applications (e.g., stock tickers, weather reports, and traffic reports) may be assigned to the 
auxiliary display unit 307. Also, the auxiliary display unit 307 coujdreceive display information 
normally associated with the task bar, system messages and^otification of events (e.g., time, 
power status, email and messaging notification, print^^nformation, volume control, dialog box 
notifications of system events etc.) on the main^isplay unit 307. In an illustrative embodiment, 
the auxiliary display unit 307 may receiv^/^fisplay information for a "system tray" in an OS such 
as Win9x/NT™ from Microsoft® Cefporation of Redmond, Washington. According to another 
illustrative embodiment, Ae^di^lay panel of the auxiliary display unit can function as the UI for 
Internet radio and telev'ision, video, "push information", an MP3 player or even become the 
hardware equivalent of a Windows® media player distributed by Microsoft® Corporation. 
Depending/tlpon the characteristics of the auxiliary display unit, it may be scaled to provide a UI 
for ceftain functionality that is richer than what may be available with the main display unit. The 



lay panel 01 may span from simple LED notifications to text-to-speech conversion 
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^ of incomina - gmail m e Gsafie s ^ t o a fii 11 J i L_with a touch pang j ^jntprfy^cf^ anH a ,gfflph4 P. ft p icture 

An auxiliary display unit may be responsible for a single or multiple applications, 
systems messages, notifications and the like. For example, an email, word processing or financial 
application may appear only on the display panel of the auxiliary display and not appear on the 
main display unit. Further, input from a user may be received from an input device coupled to 
the auxiliary display unit, the host computer or both. The host computer can be configured 
manually or dynamically to route display functionality to the auxiliary display unit. According 
to embodiments of the present invention, responsibility for an email application may be routed to 
one or more auxiliary display units by default. In an illustrative implementation of the present 
invention, if a user were to insert a CD into the host computer, the host computer is configured to 
launch a soft UI applet and route the UI applet for display on the display panel of the auxiliary 
display unit rather than the display screen of the main display unit. 

In a dynamic implementation the host computer may first detect whether a compatible 
auxiliary display unit is coupled thereto is available to handle particular display fiinctionality. 
Upon detection of the availability of a compatible auxiliary display unit, the computer can route 
the functionality to the particular auxiliary display unit and in some embodiments the main 
display unit. In the event no compatible auxiliary display unit is available, the host computer can 
route the display functionality to the main display unit. 

The host computer can maintain in memory a list of functionality assigned to particular 

auxiliary display units or module. By checking the memory, the host computer can intelligently 

control the various functionality routed to an auxiliary display unit to avoid overloading display 
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responsibility at that unit. Alternatively, the host computer may change display functionality 
responsibility among auxiliary display units connected to the host computer. Further, the host 
computer can swap or share functionality among the main display unit and one or more auxiliary 
display units. Further, different (less or more) display information concerning a launched 
application may be displayed on the main unit then is displayed on an auxiliary display unit. 
This can occur when display information for an active application is being simultaneously 
displayed on the main display unit and an auxiliary display unit. Similarly, information 
displayed regarding an active application can vary from one auxiliary display unit to the next. 
Also, responsive to a user input at the host computer or at an auxiliary display unit, or 
automatically upon detection of event, information displayed on a first display (main or 
auxiliary) may be displayed on a second display (main or auxiliary) and the display of the 
information on the first can continue or discontinue. 

To manually control allocation of functionality to auxiliary display units, the user may 
modify the default settings in the operating system of the host computer by inputting appropriate 
assignments and defining the types and amount of functionality for which an auxiliary display 
unit is responsible. Preferably, the host computer will be able to detect the presence of each 
auxiliary display unit attached thereto by, for example, periodically sending out a polling 
conmiand for example, by way of the auxiliary interface 314. According to other embodiments, 
the host computer may have to be informed when a new auxiliary display unit is coupled thereto 
by way of an input received from the auxiliary display unit or a user. 

It should be understood that although the host computer routes certain display 

functionality to a display unit, the main display unit of the host computer might simultaneously 
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handle that display functionality as well. This allows information to be displayed and possibly 
acted on at various locations. For example, in a home environment, notification of email 
messages may be displayed on auxiliary display units in different rooms and on the main display 
unit of the host computer. Further, it may be that none, some or all of the auxiliary display units 
that display a notification actually are configured or authorized to allow a user to change a 
variable associated with the email application (e.g., number of waiting messages) and access the 
email message by way of an input device associated with the particular auxiliary display unit. In 
one embodiment, an auxiliary display unit may include a user password or recognition 
mechanism to determine whether a particular user can change a variable associated with a 
launched application or initiate the launching of an application (e.g., to view email messages on 
the auxiliary display panel) by way of an input to a device associated with the auxiliary display 
unit. This would limit the ability of an unintended recipient to access a message. Such 
recognition devices may include common security applications such as voice recognition, face 
recognition, finger print id, etc. 

^^^ccord ing to an cmbodim ent-ef-fee- present -i nvention, when the main d i^lay-4^4t 
Screensaver or off mode or the host computer is not on or in a hibemate^^n^e, sufficient 
hardware and software functionality can be provided in the auxiliaiydisplay unit to allow the 
auxiliary display unit to bypass the host computer dLndo^fv^^^ixQcXXy to the server (Intemet or 
local) to operate autonomously, that is pejfem a specific application such as checking email 
status. Such a mode of operatior^c^n function with external cameras. For example, if a doorbell 
rings, the user can v^e^^^ho is at the door with a stand alone auxiliary display unit can be 



capable^5£i^Jspiaying~^video images (still and moving): Further, such a " St andalone -auxiliaiy- 
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d is play unit ma)^ also display JPEG ui o ther image formats an d-fenctiOn as an electfOftic pictufe' 

An illustrative implementation of the auxiliary display unit communications with the host 
computer will now be described. To control the auxiliary display unit or module, the host 
computer CPU may communicate with a PIC (programmable integrated circuit) micro-controller 
chip located in the auxiliary display unit. Locating a micro-controller chip in the auxiliary 
display unit provides the ability to offload any processing overhead from the host computer. If a 
separate micro-controller is not used, then direct control of the auxiliary display panel and 
buttons will be the responsibility of the host computer CPU. 

In this embodiment the micro-chip controller may support several functions including six 
momentary push-button switches; volume control; message notification light; IR blaster; 
hibernate mode/power mode LED (red/green states); and a motion sensor. Commands for 
controlling these functions and to report various states may be received and transmitted by way 
of a serial RS232 connector. The baud rate may be 57.6Kbaud and the data format may be 8 
bits, 1 STOP, no parity. It should be understood that computers might communicate with one 
another in a number of ways. While the implementation described herein includes a serial 
interface, other exemplary methods of interfacing could be via shared memory, using command 
blocks, or via USB protocols as a HID device. Firmware may be provided in the auxiliary 
display unit to respond to commands from the host computer. 

Commands can be 8 bit opcodes that are encoded as follows: 

76543210 
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ccccnnnn - where cccc is a 4-bit op-code, and nnnn is the number of bytes following 
the command. 

According to this embodiment, the acknowledge command ACK is OxAA, and the not 
acknowledge command is NACK is 00. If the host computer receives a NACK, the host has the 
option of re-transmitting. If the auxiliary display unit or module receives a NACK, the module 
has the option of re-transmitting also. 

Below, an illustrative Host to Module Protocol and Module to Host Event Protocol are 

shown. 



HOST TO MODULE PROTOCOL 



Command 


Data 


Response to 


Function 


(opcode,#Bytes) 




Host 




OxFO 


None 


OxAA 


Reset 


0x11 


0x00 


OxAA 


Reset Notification Light 


0x11 


0x01 


OxAA 


Set Notification Light 


0x21 


0x00 


OxAA 


Reset Hibernate LED (red) 


0x21 


0x01 


OxAA 


Set Hibernate LED (red) 


0x31 


0x00 


OxAA 


Send IR code Volume Up 


0x31 


0x01 


OxAA 


Send IR code Volume Down 


0x31 


0x02 


OxAA 


Send IR code Select Display 


0x31 


0x03 


OxAA 


Send IR code Select CD 


0x31 


0x04 


OxAA 


Send IR code Select Aux 


0x31 


0x05 


OxAA 


Send IR code Select Sound 


0x31 


0x06 


OxAA 


Send IR code Standby/On 


0x31 


0x07 


OxAA 


Send IR code Scroll Left 


0x31 


0x08 


OxAA 


Send IR code Scroll Right 
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MODULE TO HOST EVENT PROTOCOL 



Event Command 


Data 


Response 


Function 


(opcode,#Bytes) 




from Host 




OxEO 


None 


OxAA 


Module is "Alive" 


0x81 


"nn" 


OxAA 


Push button state change. Second 
byte is the status of each button 
with bit 0 = button 0, ... bit 7 = 
button 7. 

Button assignments are as follows: 

Button 0: Scroll Up 

Button 1 : Scroll Down 

Button 2: Display 

Button 3: CD 

Button 4: Aux 

Button 5: Sound 

Button 6: Hibernate 


0x91 


"count" 


OxAA 


Volume motion. The second byte is 
a 2's complement of the number of 
counts from encoder. 


OxAO 


None 


OxAA 


Motion pulse detected 



The module will periodically send an "I am alive" event to the host to indicate that all is 
ok. The host responds with an ACK. 

An illustrative Volume Control Encoder may be implemented using a Section 25L 
Mechanical Encoder from Grayhill, model 25LB-10Q. An exemplary state table for motion 
conversion is show in Fig. 6. Data is sampled on rising edge of the "B" input. An illustrative 
motion detector may be a passive infrared detector, such as a 3 -pin sensor module. 3 -pin sensor 
modules are readily available. A typical 3-pin sensor module would generate a positive pulse 
output of approximately 1 -second duration when motion is detected. 

While particular embodiments of the present invention have been described and 
illustrated, it should be understood that the invention is not limited thereto since modifications 
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may be made by persons skilled in the art. The present application contemplates any and all 
modifications that fall within the spirit and scope of the underlying invention disclosed and 
claimed herein. 
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